present in more than 70% of patients with secondary hypertension, without significant differences with EH for circadian blood pressure (BP) rhythm analysis in secondary forms of hypertension.
Introduction

Subjects and methods
In patients with essential hypertension the diurnal Study design pattern of blood pressure (BP) change is generally Five groups of subjects were studied (Table 1) : 43 similar to the changes occurring in normotensive (25 men and 18 women; age 48.1 ± 2 years, mean ± subjects. 1 Circadian BP profile tends to be reproducs.d.) essential hypertensives (EH); eight (4 men and ible 2 and deviation from the usual diurnal rhythm 4 women; age 56.3 ± 3.7) patients with PA by aldosmay have pathological relevance.
terone producing adenomas (APA); 25 (15 men and The presence of the circadian BP rhythm in 10 women; age 52.0 ± 3.7) patients with PA by idiopatients with primary aldosteronism (PA) and renopathic hyperaldosteronism (IHA); four (3 men and 1 vascular hypertension (RVH) is debated. Early woman; age 46.7 ± 11.2) patients with glucocortreports emphasized that in those conditions the ciricoid remediable hyperaldosteronism (GRH) and cadian BP rhythm disappeared or was altered. 3, 4 In seven (6 men and 1 woman; age 58.0 ± 12) RVH contrast, more recent reports [5] [6] [7] have demonstrated patients. Essential hypertensive patients were diagthat the circadian BP rhythm was unchanged.
nosed according to JNC V. 9 Different types of statistical methods have been Patients with APA and IHA were diagnosed with used for circadian BP rhythm analysis (day-night standard endocrine tests. 10 The differential diagdifference, 24-h mean evaluation of time block, frenosis between APA and IHA was performed by a quency distribution and cosinor method) in second-6-(131-l)-iodo-methylnorcholesterol adrenal scan, ary forms of hypertension. However, there is no uniadrenal computed tomography and a selective versally accepted method of quantifying circadian venous sampling. GRH were diagnosed with BP pattern.
dexametazone suppression test and PCR detection In the present study, we have addressed this quesof hybrid gene.
11
tion by using a different approach from those used The diagnosis of RVH was based on the laboratory in previous studies. We applied a two-step statistical data (marked increase of PRA in basal and after test approach by Fourier analysis with four harmonics 8 with captopril 50 mg), and on arteriographic evifor the parametrization of the diurnal BP pattern in dence of stenosis of the renal artery that occluded patients with PA and RVH.
70% or more of the lumen. Values are expressed as mean ± s.d. SBP = systolic blood pressure; DPB = diastolic blood pressure; PRA = plasma renin activity; EH = essential hypertensives; APA = aldosterone producing adenoma; IHA = idiopatic hyperaldosteronism; GRA = glucocorticoid remediable aldosteronism; RVH = renovascular hypertension. Values are expressed as mean ± s.d. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate.
attacks, strokes, myocardial infarction, angina pecStatistical analysis toris, congestive heart failure and funduscopy above Data concerning the four variables SBP, DBP, MAP grade II; no atrial fibrillation and no other major and HR were downloaded from the monitor to an arrhythmias; no serious cardiovascular or non-IBM personal computer using customized software. cardiovascular disease beside hypertension.
BP recordings were excluded from the present All antihypertensive treatments were stopped at analysis when they were missed or labelled as techleast 4 weeks before the beginning of the study. Each nically erroneous by the monitor software. In partisubject gave informed consent to participate in the cular, SBP values Ͼ300 mm Hg or Ͻ50 mm Hg and study.
DBP values Ͼ140 mm Hg or Ͻ40 mm Hg were not included. A BP recording with less than 70% sucAmbulatory BP monitoring (ABPM) cessful readings was rejected and repeated. Continuous variables were expressed as mean ± In the present study 24-h ABPM was obtained using s.d. Differences between groups were calculated the device SpaceLabs 90207. Recording started at using ANOVA and Student's t-test with Bonferroni's about 9.00 am and was programmed for every 20 correction for multiple comparisons. Differences in min over a 24-h period. Patients were instructed to categorical variables were calculated with 2 test. closely report daily activities in a detailed diary in P Ͻ 0.05 was considered statistically significant. order to verify that they kept similar day-night levels of activities during the recording.
Measured values of systolic BP (SBP), DBP, mean Periodicity analysis arterial BP (MAP) and heart rate (HR) were stored in a digitial memory. The readings of the automatic For periodicity analysis we used a two-step approach. 8, 13 Ambulatory recordings were truncated recorder were checked against those obtained with a mercury sphygmomanometer at the beginning and so that their total duration did not exceed 24 h. The runs test with one-sided probability level of 5% was end of each 24-h monitoring session; a difference of ±5 mm Hg was considered an adequate agreement used for detecting the presence of a diurnal rhythm. The presence of diurnal BP rhythm was shown by between the two methods.
using the runs-test with one-sided probability level parameters are shown. Daytime, night time and overall 24-h SBP values were significantly higher in of 5% against random variation in BP. The one sample of runs-test was performed as follows. The origpatients with APA in comparison to other groups (P Ͻ 0.01). inal series of BP recordings were replaced by their deviations from the weighted mean ambulatory According to the runs-test, more than 70% of patients with PA and RVH showed a circadian pressure. Let n1 and n2 be the numbers of positive and negative deviations, respectively. We counted rhythm for both SBP and DBP, as well as EH. The 2 test did not show a significant intergroup differthe numbers of runs. A run was defined as a succession of equal signed deviations from the mean.
ence for both systolic and diastolic rhythms of BP.
Because of the small sample, GRH patients were not Let r be the number of runs, if the number of BP readings in one recording is sufficiently large (Ͼ40), included in 2 analysis. About nocturnal BP fall, 75% of patients with the z statistic is normally approximately distributed with zero mean and unit variance. Thus, if z is less APA, and 56% patients with IHA were non-dippers; by contrast, about 70% of EH and RVH patients were than one-sided critical value of the standard normal distribution, the null hypothesis of random varidippers ( Table 3 ). The nocturnal fall in SBP and DBP, expressed by the day/night BP difference, was ation is accepted. Daytime and night time were considered respectively as the intervals from 10.00 am significantly smaller in patients with APA in comparison with the other groups (P Ͻ 0.02). to 8.00 pm and from 12.00 pm to 6.00 am, because several authors demonstrated that this definition Data of Fourier analysis are shown in Table 4 . The addition of the fourth harmonic did not significantly excludes periods of rapid BP changes.
14,15, 16 The ABP readings were analysed by Fourier series with increase the variance explained by the model, and did not modify amplitudes and phases of the first four harmonics. This model is a sum of a constant term M (the mesor) and K harmonics (BP (t) = M+C k three harmonics. No significant intergroup differences of SBP, DPB and HR variance explained by cos (21/24− k + ...), where BP (t) is the blood pressure at time t. The first harmonic repeats itself with the model (R 2 ) were found. The BP mesor and amplitude were not signifia period of 24 h, the second harmonics with a period of 12 h, etc. Each harmonic is characterized by a percantly different among the groups studied. Acrophase of the systolic and DBP curves occurred in the iod (time interval between successive maxima), an amplitude C (half of the difference between the late morning in the APA patients, and in the afternoon in the other subgroups, but the differences minimum and the maximum of the i-th harmonic), and a phase (the time lag between midnight and were significant only for the DBP (P Ͻ 0.05), (Table 3) . the first maximum of the i-th harmonic). The overall amplitude (AMP) is defined as half of the difference between the maximum and the minimum BP preDiscussion dicted by the model. The overall acrophase (AP) is the time corresponding to the first global maximum.
The 24-h ABPM allows a definition of the variations in BP throughout the day and night, both in normal The predictive value of the model (R 2 ) improves if more harmonics are included in the Fourier series. and hypertensive subjects. A blunted circadian BP rhythm has been invoked as an early and important If K = 0, the model is reduced to a constant term M, equal to the weighted mean of the ambulatory pressmarker of secondary hypertension. 20 Early reports emphasized that in patients with ure over 24 h. For K = 1, the model corresponds to the cosinor model proposed by Halberg. For each RVH or PA, the circadian rhythm of BP disappeared or was altered. 4, 21 However, other reports have 24-h BP profile, weighted linear regression analysis was applied to estimate the value of the amplitudes shown that circadian BP rhythm remains normal in these two conditions. 5, 6, 22 In particular, in RVH the and phases. If the interval between successive readings is constant throughout the 24-h period, this rearrangement of autonomic cardiovascular control is left undisturbed by increased activity of the reninmethod corresponds to the Fourier analysis applied in previous papers. 17, 18 In the model, each harmonic angiotensin system, despite the well known ability of angiotensin II to affect autonomic cardiovascular was added progressively, and at each addition, the improvement of the BP variance, and the modificontrol centrally. 23, 24 In addition, in PA the number of aldosterone secretory burst per day and the cation of amplitudes and phases of the previous harmonics, were evaluated.
interpulse intervals are inaltered. Patients with PA exhibit a marked increase of aldosterone secretory Nocturnal fall was defined as the difference between the average daytime and night time BP burst mass (70-fold) and basal secretion (5 to 6-fold), which may be due, principally, to an increase in the values. BP dip was defined according to the night/day ratio of the ambulatory mean BP (MAP): mass of autonomous steroidogenic cells, but also to a loss of negative feedback restraint on aldosterone in particular a patient was considered a dipper if the night/day ratio was Ͻ0.87 (corresponding to a secretion. 25 Moreover, the frequency of aldosterone hormone secretory bursts and the 24-h plasma cornocturnal BP fall Ͼ10%). 19 tisol rhythmicity remained physiological in PA. On this basis, it may be argued that a change in the Results renin-angiotensin-aldosterone system does not primarily affect the circadian BP rhythm. Other facThe study was completed in all patients. All of the patients said that they slept well during the night tors, such as the duration and severity of the hypertension, predominantly affect the BP rhythm in PA time. In Table 2 , office BP, 24-h BP and heart rate Table 3 Presence of nocturnal dip and circadian rhythm in studied population Values are expressed as number (percentage). DBP = diastolic blood pressure; SBP = systolic blood pressure; HR = heart rate. a Not included in statistical analysis. and renovascular hypertension. 6 The present study ence of a higher percentage of subjects without a significant diurnal rhythm, the percentage of variance was designed to elucidate characteristic patterns of circadian variation of BP in PA and RVH and to explained by the model trying to be smaller in subjects without a significant diurnal rhythm in comcompare these with EH. For this purpose, we used a one sample runs test 26 to evaluate the presence of parison to subjects with a diurnal rhythm. The diurnal BP and HR rhythm was present in the majority a diurnal BP rhythm against the hypothesis of pure random variation. This test is independent of the of patients with secondary hypertension, without significant differences in comparison to EH and timing of sleep and activity. 18, 19 Weighted linear regression was then employed to fit a truncated despite the attenuation in the degree of the nocturnal BP fall. In fact, PA patients showed a significant Fourier series with four harmonics to the BP measurements over a 24-h period. 8 The use of four decrease of the nocturnal BP dip, that was more evident in APA patients, and a morning shift of SBP harmonics sufficed to describe the BP curve in more than 90% of patients studied, thus confirming preand DBP acrophase in comparison to EH and RVH. In according to other studies, the day-night BP difvious data on EH and normotensives. 8, 18 Data analysis revealed that predictive value of the ference is not at all reduced, making this measure not critically important in the diagnosis of these model with four harmonics was not significantly different in all subgroups considered. However, the forms of hypertension. The lack of BP rhythm is determined more by the severity of hypertension relatively lower R 2 values found, in particular in patients with APA and RVH, is related to the presthan by its cause. 6 Thus, the statement that second- 
